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Dibenzo-a-pyrone (DAP) is the basic scaffold of a group of naturally occurring chemicals. From one angle, the
gastrointestinal metabolites urolithins are regarded as beneficial, while from the other, the emerging mycotoxin

alternariol and related fungal metabolites are evaluated critically with regards to potential hazardous effects.

urolithins mycotoxins estrogenicity microbiome

| 1. Introduction

Dibenzo-a-pyrone (DAP, Figure 1A) is the basic scaffold of a group of naturally occurring chemicals, which are
mainly formed by microbial species, such as bacteria or filamentous fungi. When substituted with multiple hydroxy
groups, those metabolites belong to the chemical class of polyphenols, from which many representatives are
regarded as beneficial for human health, mostly due to anti-oxidative and chemopreventive effects L. This also
applies to some polyphenolic DAP derivatives. For example, urolithin A (UA, Figure 1B), a metabolite formed by
ellagitannin-degrading gut bacteria, is extensively researched and marketed as a health-promoting agent in the

scope of functional foods @ or even as a therapeutic agent to improve muscle health 21,
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Figure 1. Chemical structures of the basic DAP scaffold (A), as well as two signature representatives of natural
DAP derivatives: the bacterial polyphenol metabolite urolithin A (B) and the Alternaria mycotoxin alternariol (C).
The hydroxy group at C1 (marked green) is a common feature of most natural DAPs. Methylation of C5, as well as
hydroxylation of C11 (marked red), are common in biosynthesized DAPs but are not featured in ellagitannin

biodegradation products.

However, there seems to be another side to the story. DAPs biosynthesized by food-contaminating molds, such as
the mycotoxin alternariol (AOH, Figure 1C), are regarded as potential carcinogens due to their ability to damage

the DNA and to potentially induce endocrine-disruptive effects 3],

| 2. Microbial Sources and Associated Structural Peculiarities

There are isolated reports of DAP derivatives being formed by plants 8, but the two main ways that they are
produced in or from food commodities are (a) the complete biosynthesis as secondary metabolites of molds or (b)
the biodegradation of ellagitannins by intestinal bacteria. The biosynthesis pathway is described mainly for
filamentous fungi, particularly the genus Alternaria. A polyketide synthase encoded by the pksJ gene was found to
be critical for the production of the two most prevalent DAPs, AOH and alternariol 9-methyl ether (AME)
by Alternaria alternata . Furthermore, the production of these and similar DAPs was also reported in
other Alternaria 8, Acremonium &, Cephalosporum 19 and Hyalodendriella spp. 11, all described as endophytic
molds. Mycogenic DAPs are frequently reported in mold-contaminated grains, fruits, vegetables, etc., and are

regarded as food contaminants 12, As data suggest that they could be responsible for potentially toxic effects, but
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there are no regulations for maximum contamination levels yet around the globe, AOH and AME are considered to

belong to the class of emerging mycotoxins 22!,

On the other hand, DAPSs that derive from the biodegradation of ellagitannins are uniformly referred to as urolithins.
After ingestion, ellagitannins are hydrolyzed by bacteria carrying tannase enzymes to yield ellagic acid 24!, which is
further catalyzed by a currently unidentified lactonase/decarboxylase enzyme to the 3,4,8,9,10-pentahydroxy-DAP,
urolithin M-5 (UM5). From the latter, all other urolithins are formed by subsequent dehydroxylation reactions that
are catalyzed by currently unidentified enzymes [2. However, a few bacterial species that are able to carry out at
least a part of these reactions were already discovered. Gordonibacter pamelae and Gordonibacter
urolithinfaciens, two species belonging to the strictly anaerobic family of Eggerthellaceae, were reported to
decompose ellagic acid and perform dehydroxylations to sequentially yield UM5, urolithin M-6 and urolithin C (UC),
the latter being the final metabolite 13, Recently, another Eggerthella species, Ellagibacter isourolithinfaciens, was
isolated from a human gut microbiome and observed to be capable of further dehydroxylating UC to isourolithin A
(1617 Another study found Bifidobacterium pseudocatenulatum INIA P815 to produce UA and UB under certain
growth conditions 18, In complex microbiomes obtained from human feces, high interindividual differences were
observed in the activity of the human microbiome, which allows for its stratification into three main groups 2.
Metabotype 0 (accounting for approximately 10-15% of the population) does not produce urolithins from ellagic
acid. In urolithin producers, the final metabolites are either UA (metabotype A) or isourolithin A and urolithin B (UB)
(metabotype B) 19,

Notably, the common precursor molecule UM5 predetermines that DAPs deriving from ellagic acid breakdown are
only substituted with hydroxyl groups and are not functionalized at C1, C2 and C7 (Figure 1B). This is in stark
contrast to biosynthesized DAPs, where substitutions at those positions, particularly the methylation of C1 and the
hydroxylation of C7, are the norm (Figure 1C). In addition, based on current knowledge, UA and UB are not further
metabolized by microbes, while for biosynthesized DAPs the methylation of functional hydroxy groups is common.
For example, AOH is naturally produced as a mixture with AME, probably increasing its bioavailability and

potentially its adverse effects 2,

| 3. Pharmacokinetics

Animal data on pharmacokinetics of urolithins and Alternaria toxins are only comparable to a limited extent due to
differences in used species and experimental setups. However, according to a quick survey using the SwissADME
quantitative structure—activity relationship (QSAR) tool 29, the bioavailability of major urolithins and fungal DAPs is
predicted to be very similar (Table 1). UA and AOH, as well as UB and AME, share a comparable lipophilicity, and
all four compounds have a 0.55 probability to be at least 10% bioavailable from oral uptake in rats, referred to as
“bioavailability score” (2. One exception is the blood brain barrier (BBB) permeation that is predicted only for
UA/UB, not for AOH/AME (Table 1), which might be of high interest in the scope of neuroprotective effects that are
proposed for UA. In line with this prediction, the presence of UA in mammalian brains was recently confirmed 22,

while AOH was not reported to reach the brains of exposed mice in another study 22!,
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Table 1. Pharmacokinetic parameters of major natural DAPs. Shown are: octanol-water partition coefficients
(PO/W), gastrointestinal (Gl) adsorption, blood brain barrier (BBB) permeability and bioavailability score, as
predicted by the SwissADME QSAR [12],

log Pow Gl Absorption BBB Permeant Bioavailability Score
UA 2.06 high yes 0.55
UB 2.48 high yes 0.55
AOH 2.17 high no 0.55
AME 2.55 high no 0.55
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